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PREFACE 


Hie  presentation  of  this  dissertation  material  is 
purposely  given  in  detailed  form  to  facilitate  duplication  by 
future  investigators.  Hie  description  of  the  syntheses  of  com- 
pounds in  a homologous  series  is  given  for  all  products,  even 
though  the  procedure  followed  is  basically  the  same  for  all 
cases. 

In  conformity  with  present  usage  in  research  reports 
all  temperatures  are  of  the  centigrade  scale,  and  its  symbol 
is  omitted. 

Hie  boiling  points  are  corrected  values.  Hie  ther- 
mometers used  for  obtaining  the  boiling  points  were  calibrated 
against  a set  of  thermometers  standardized  by  the  Bureau  of 
Standards. 

Hie  manner  of  listing  references  is  the  customary 
one  for  technical  works.  Journal  abbreviations  are  the  offioial 
ones  of  "Chemical  Abstracts". 
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I.  INTRODUCTION 


The  alkene  oxides  are  reactive  compounds  which  find  un- 
limited use  in  organ! o syntheses.  The  method  followed  for  their 
preparation  in  this  work  was  the  removal  of  hydrogen  and  halogen 
from  1, 2-halohydr ins  by  the  use  of  sodium  hydroxide.  This  method 

t 

is  old  and  well  known* 

A later  method  for  the  preparation  of  alkene  oxides  is 
that  of  Prilesohaiev  (1,  2)  which  involves  the  direct  introduction 
of  an  oxygen  atom  into  the  ethene  group  of  a molecule  by  means  of 
per benzoic  acid* 

liore  recently,  the  lower  alkene  oxides  have  been  made 
available  in  large  amounts  by  the  direct  catalytic  air  oxidation 
of  the  corresponding  olefin  hydrocarbons  (3,  4,  5,  6,  7,  8,  9,  10, 
11,  12,  13,  14,  15). 

Alkene  oxides  react  with  compounds  containing  certain 
types  of  reaotive  hydrogen* 

R-CH  - CHg  + R»-H  S R-CH(0H)-CH2-R’ 

The  class  of  R*-H  compounds  includes  aloohols,  amines, 
ammonia,  water  and  acids* 

The  purpose  of  this  investigation  was  tot 

1*  synthesize  chloro-hydroxy-ethers  by  the  use  of  1,2-epoxy- 
3-chloro  propane  and  alcohols; 

2*  synthesize  epoxy-ethers  by  the  use  of  chloro-hydroxy- 
e there  and  sodium  hydroxide; 

3 • synthesize  ether— amino— alcohols  from  epoxy  ethers  and 
ethylene  diamine . 


1. 


II.  DISOTSSlOH  MD  EXPERIMENTAL 


A.  Synthesis  of  1 , 2-epoxy-3-chloro  propane 
1.  Review  of  the  Literature 

l,2-epoxy-3-chloro  propane,  better  known  as  epichloro- 
hydrin  is  now  coramer cially  available.  Shell  Chemical  Corporation 
of  Hew  Jersey  sells  the  product  in  a convenient,  one  gallon,  metal- 
lic container  at  a very  reasonable  price. 

Epichlorohydrin  was  first  synthesized  in  1861  by  Reboul 
(16)  by  the  action  of  alkalies  on  1 , 3”dichloro-2-hydroxy  propane. 

By  the  same  procedure,  the  synthesis  was  reported  successively  in 
1871  by  Munder  and  Tollens  (17),  in  1875  by  Prevost  (18),  in  1877 
by  Claus  (19)  and  in  19J0  by  Fairbourne,  Gibson  and  Stephens  (20). 

An  alternative  procedure  using  calcitsa  hydroxide  was  reported  in 
1910  by  Griesheim  (21)  and  in  1932  by  Braun  (22). 

l,3“diohloro**2~hydroxy  propane  is  now  also  a commercially 
available  produot.  It  was  synthesized  by  the  aotion  of  hydrogen 
chloride  on  glycerol  in  1853  by  Berthelot  (23),  in  1887  by  Faucon- 
nier  and  Sanson  (2ij.),  in  1891  by  Bigot  (25),  and  in  1918  by  Smith 
(26).  In  1912  two  German  Patents  were  issued  covering  its  manu- 
facture (27,  28).  It  was  prepared  in  I860  by  Reboul  (29)  by  the 
action  of  hydrogen  chloride  on  glycerol  mixed  with  an  equal  volume 
of  acetic  acid  and  in  1908  by  Boehringer  and  Sons  (30)  by  the  ao- 
tion of  hydrogen  chloride  or  aqueous  hydrochloric  acid  on  glycerol 
containing  one  to  two  per  cent  of  some  organio  acid  as  catalyst. 
Later,  its  manufacture  by  the  action  of  hydrogen  chloride  on  glycerol 
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containing  acetic  acid  as  a catalyst  was  reported  in  1922  by  Hill 
and  Fischer  (31)  and  in  1930  by  Fair  bourne,  Gibson  and  Stephens  (20). 
Finally  in  1939  Dow  Chemical  Co.  (32)  was  granted  a patent  for  the 
production  of  1,3 -di chlor o -2-hydroxy  propane  by  the  aotion  of  hy- 
drogen chloride  on  glycerol  in  the  presence  of  a water-immiscible 
solvent,  such  as  dibutyl  ether,  and  at  a temperature  suitable  for 
steam  distillation. 

2*  Experimental 

In  a 22-1.  round  bottomed  flask  immersed  in  a water  bath 
heated  to  90-95*  were  placed  11  kilograms  of  C.  P.  glycerol  and 
220  g.  of  acetic  acid.  The  flask  was  fitted  with  a two-holed 
stopper,  wliich  carried  a long  tube  ending  in  a perforated  bulb  reach- 
ing to  the  bottom  of  the  flask  and  a short  exit  tube.  The  long  tube 
was  connected  to  a hydrogen  chloride  generator  and  the  short  one  to 
the  hood.  Hydrogen  chloride  was  readily  prepared  by  dropping  con- 
centrated sulfuric  aoid  on  dry  lumps  of  ammonium  chloride.  A stream 
of  dry  hydrogen  chloride  was  passed  into  the  mixture  for  a week, 
by  the  end  of  which  time  the  absorption  of  gas  had  practically 
ceased.  The  product  was  made  Just  alkaline  to  litmus  with  a solu- 
tion of  sodium  carbonate.  The  aqueous  layer  was  separated,  ex- 
tracted with  benzene  and  incorporated  into  the  main  solution.  The 
mixture  was  distilled  under  vacuum,  the  desired  product  being  col- 
lected in  the  range  of  71-75*  at  15  mm.  It  was  contaminated  with 
1,2-di chlor o-3-hydroxy  propane  and  no  attempt  was  made  to  separate 
those  isomers  einoe  both  yield  epi ohlorohydr in  when  treated  with 
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sodium  hydroxide.  The  yield  of  mixed  dichlorohydrins  corresponded 
to  51%  of  the  theoretical  amount. 

In  a 5-1.  three-neoked  round  bottomed  flask,  provided  with 
an  efficient  meohanical  stirrer,  a reflux  condenser  and  a hopper 
whioh  could  be  closed  or  opened  at  the  bottom  by  means  of  a glass 
bung  attached  to  a glass  rod,  were  placed  1900  g.  (li+*7  moles)  of 
mixed  glycerol  dichlorohydrins  and  2 liters  of  anhydrous  ether. 

The  flask  was  surrounded  by  an  ice-water  bath,  and  680  g.  (17  moles) 
of  finely  powdered  sodium,  hydroxide  were  added  through  the  hopper 
in  small  portions,  with  vigorous  stirring.  The  water  bath  was 
allowed  to  reach  room  temperature  and  the  mixture  was  stirred  for 
eight  hours.  Then  the  ethereal  solution  was  decanted  from  the 
solid,  which  was  rinsed  with  ether.  The  united  liquids  were  distill- 
ed first  at  atmospheric  pressure  to  remove  the  excess  ether  and  then 
under  vacuum  to  yield  epichlorohydrin. 


B.  P. 

t 

60*5*  at  100  iaa. 

Yield 

} 

952  S*»  moles,  70.0^ 

A 

1 

1M373 

n 

f 

1.1765 

t 

20.606 

B.  Syntheses  of  Hydroxy  Ethers 
1.  Review  of  the  Literature 

Olefin  oxides  react  with  alcohols  under  the  influence  of 
elevated  temperatures  without  the  use  of  a catalyst  to  produce  hy- 
droxy ethers  (33).  A number  of  catalysts  have  been  proposed  for 


use  in  reacting  an  olefin  oxide  with  an  alcohol.  Soane  investigators 
described  the  use  of  sulfuric  acid,  alkali  metal  alcoholates  or  alkali 
metal  salts  of  the  lower  fatty  aoids  as  catalysts  (3U,  35)*  Others 
mentioned  the  use  of  substances  like  phosphoric  acid,  hydrochloric 
acid,  sine  chloride,  ferrio  chloride,  caustic  soda,  caustic  potash 
and  organic  bases  (i.o.,  pyridine,  dimethyl  aniline)  as  catalysts  in 
reacting  olefin  oxides  with  cellulose  (36).  These  substances  ac- 
celerate the  different  reactions  to  various  degrees.  The  Shell  Develop- 
ment Company  (37)  found  very  recently  that  stannic  halides  are  more 
active  and  are  considerably  more  effioient  and  suitable  as  catalysts 
in  the  reaction  of  an  epoxy  compound  with  an  alcoholic  compound. 

Blanchard  (38),  Fourneau  and  Ribas  (39)  and  Fair bourne  and 
his  co-workers  (1*0)  described  the  reaction  between  epichlorohydrin 
and  some  of  the  alcohols.  The  data  given  for  the  resulting  ohloro- 
hydroxy-ethers  were  limited  mainly  to  those  of  the  boiling  points 
and  these  data  did  not  agree  with  the  results  obtained  in  this  in- 
vestigation. 

2.  Experimental 

a.  Synthesis  of  l-chloro-2-hydroxy-3-«a©thoxy  propane 

In  a 2-1. , two-necked,  round-bottomed  flask,  fitted  with 
a stirrer  and  a reflux  condenser,  were  placed  nine  moles  (288  g«, 

365  cc.)  of  methanol  and  6*7  cc.  of  HgSOj^,  d.  1.QI4.,  Three  moles 
(278  g.,  235  eo.)  of  epichlorohydrin  (l,2-epoxy-3-chloro  propane) 
were  added  dropwise  through  the  top  of  the  reflux  condenser  by  maims 


5. 


of  r dropping  funnel.  The  mixture  was  stirred  for  one  hour  with- 
out the  application  of  heat  and  then  refluxed  for  six  hours.  An 


excess  of  BaCOj  (30  g.)  was  added  and  stirred  at  room  temperature 
for  several  hours.  The  filtrate  was  distilled  first  at  atmospheric 
pressure  to  remove  the  excess  methanol,  and  then  at  20  mm.  1-chloro- 
2-hydroxy-3-me thoxy  propane  was  collected  at  76.5*. 


&rD  # 28.49  (found)  j 28.70  (oalc.) 
b.  Synthesis  of  1— ohloro— 2— hydroxy— 3— ethoxy  propane 
In  a 2-1.,  two-necked,  round-bottomed  flask,  fitted  with 


a stirrer  and  a reflux  condenser,  wore  placed  three  moles  (235  cc., 
273  5*)  °f  ©pi chlorohydr in  (1,2— epoxy-3**©hloro  propane)  and  six 
raoles  (350  cc.,  276  g.)  of  absolute  ethanol.  Six  and  seven  tenths  cc. 
of  HgSO^  (d.  1.84,  assay  96*7/0  (equivalent  to  1;  g.  HgSOj^  per  mole  of 
epi chlorohydrin)  were  added  dropwise  from  the  top  of  the  condenser. 

■The  mixture  was  refluxed  for  six  hours,  cooled  and  an  excess  of  B&cO^ 
(30  g.)  was  added.  The  filtrate  was  distilled,  first  at  atmospheric 
pressure  to  remove  the  excess  ethanol  and  then  l-chloro-2-hydroxy- 

3-ethoxy  propane  was  collected  at  00-82*  at  20  turn. 

■*  « „ 


B.  P.  s 80-82*  at  20  ami.  j 105-106*  at  60  mm. 
Yield  t 250  g.,  1.8  moles,  60.0^S 
n2^  1 lj£70 

» 1.0914 

^ * 33*30  (found)  ) 33.32  (calc.) 


B.  F.  » 76*5*  at  20  mm. 

Yield  j 256  g.,  2.05  moles,  68.3/J 

n2^  , 1.4422 


1 1.1570 
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o.  Synthesis  of  l-ohloro-2-hydroxy-3-n-propoxy  propane 
In  a 2-1*,  two-necked,  round-bottomed  flask,  fitted  with 
a stirrer  and  a reflux  condenser,  were  placed  three  moles  (235  cc., 
273  g.)  of  epi chlorohydrin  (l,2-epoxy-3-ohloro  propane)  and  six 
moles  (350  cc.,  276  g.)  of  propanol-1.  Six  and  seven  tenths  cc.  of 
(d.  1.84)  were  added  dropwise  from  the  top  of  the  condenser. 
The  mixture  was  refluxed  for  six  hours,  cooled  and  an  excess  of 
BaCOj  (30  g.)  was  added.  The  filtrate  was  distilled  and  1-chloro- 
2-hydroxy-3-n-propoxy  propane  was  collected  at  97-^8*  at  20  mm. 


B.  P. 

t 

97-98°  at  20  mm. 

Yield 

I 

234  g.»  1.55  noles,  5¥ 

A 

» 

iJj37Q 

“t 

t 

1.0526 

»D 

t 

38.11  (found)  j 37*94  (calc.) 

d.  Synthesis  of  l-chloro-2-hydroxy-3-iso-propoxy  propane 
In  a 2-1.,  two-necked,  round-bottomed  flask,  fitted  with 
a reflux  condenser  and  a mechanical  stirrer,  were  placed  three  moles 
(235  00.,  278  g.)  of  epi chlorohydrin  (l,2-epoxy-3-chloro  propane) 
and  six  moles  (459  cc.,  360  g.)  of  propanol-2.  6.7  co.  of  HgSOj^,  d. 
1.34  were  added  dropwise  from  the  top  of  the  condenser.  The  mixture 
was  refluxed  for  six  hours,  cooled  and  excess  of  BaCO^  (30  g.)  was 
added.  The  filtrate  was  distilled  and  1— chloro-2-hydroxy-3-i so- 
propoxy  was  collected  at  87-37.5*  at  20  mm.* 
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B*  P.  t 87-87  •5°  at  20  ana* 

Yield  * 129  g.,  O.Q45  moles,  28*2^ 
t 1.4370 


D2^  1 1.0530 


MrD  5 37*96  (found)  1 37*94  (calc.) 

e.  Synthesis  of  l-chloro-2-hydroxy-5-n-butoxy  propane 

• In  a 2-1.,  two-necked,  round-bottomed  flask  provided  with 
a mechanical  stirrer  and  a reflux  condenser,  were  placed  three  moles 
(2J5  co.,  278  g.)  of  epichlorohydrin  (l,2-epoxy-3-chlaro  propane) 
and  six  moles  (550  oc.,  445  S*)  of  butanol-1.  Six  and  seven  tenths  cc. 
of  RgSOj^,  (d.  1.04,  assay  96.7$)  (equivalent  to  4 g*  HjsSQ^per  mole 

of  epichlorohydrin)  were  added  dropwise  from  the  top  of  the  condenser. 
The  mixture  was  refluxed  for  six  hours,  cooled  and  an  excess  of  BaCOj 
(30  g.)  was  added.  The  filtrate  was  distilled,  first  at  atmospheric 
pressure  to  remove  the  excess  of  butanol-1  and  the  l-chloro-2-hydroxy- 
3-n-butoxy  propane  was  collected  at  110-111*  at  20  usa. 

B.  P.  t 110-111*  at  20  mm. 

Yield  1 255  g.,  1.53  moles,  57^ 

, 1.4420 
0^  1 1.0444 

ifr^  : 4 2.<2  (found)  j 42*56  (calc.) 

f.  Synthesis  of  l-ohloro-2-hydroxy-3-iso-butoxy  propane 
In  a 2-1.,  two-necked,  round-bottomed  flask,  fitted  with 

a reflux  condenser  and  a stirrer,  were  placed  three  moles  (235  cc., 

278  g«)  of  epichlorohydrin  ( 1,2— epoxy— 3— chloro  propane)  and  nine 
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moles  of  iso-butyl  alcohol  (2-methyl  propanol-1)*  Six  and  seven 
tenths  co*  of  HgSOj^  (d*  1*8)4.)  were  added  dropwise  from  the  top  of 
■the  condenser*  The  mixture  was  refluxed  for  six  hours*  cooled  and 
an  excess  of  BaCOj  (JO  g*)  was  added*  The  filtrate  was  distilled 
and  the  1-ohloro*  2-hydroxy,  J-iso-butoxy  propane  was  collected  at 
100*0-100*2*  at  20  mm* 


3*  F* 

1 

100*0-100*2*  at  20  mu 

Yield 

i 

188  g**  1.128  moles*  37*6$ 

n25 

D 

t 

1J4306 

t 

1*0313 

®D 

t 

Ii2*l|6  (found)  j i42*56  (calc*) 

g*  Synthesis  of  l-chloro-2-hydroxy-3-n-pentoxy  propane 
In  a 2-1*,  two-necked,  round-bottomed  flask  provided  with 
a mechanical  stirrer  and  a reflux  condenser  were  placed  six  moles 
(6i*7  00**  529  g*)  of  pentanol«l  and  three  moles  (235  cc*,  277  £*) 
of  epichlorohydrin  ( 1, 2-epoxy-3-chloro  propane)*  Six  and  seven 
tenths  00*  of  ItjSOj^  (d*  1*8)4*  assay  96*7$)  were  added  dropwise  from 
■the  top  of  -the  reflux  condenser*  The  mixture  was  refluxed  for  six 
hours*  cooled  and  an  excess  of  BaCOj  (30  g*)  was  added*  The  filtrate 
ms  distilled*  first  at  ateospheric  pressure  to  remove  the  exoess  of 
pentanol-1  and  the  l-chloro-2-hydroxy-3-0“pe>ntoxy  propane  was  oolleot- 
ed  at  120*  at  20  mm* 
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B.  P. 

: 120*  at  20  mm. 

Yield 

: 282  g.,  I.56  moles,  52$ 

D 

t IJ4I4I+I 

n 

* 1.0216 

»D 

t ii6.98  (found)  j 14-7*17  (calc.) 

h.  Synthesis  of  l-chloro-2-hydroxy-3-(3*,^‘thyl~n“'bu'toxy) 
propane 

In  a 2-1.,  tvro-neoked,  round-bottomed  flask  provided  with 
a stirrer  and  a reflux  condenser,  were  placed  six  moles  (651  cc*, 

529  g.)  of  iso-amyl  alcohol  (3-methyl  butanol-1)  and  three  moles 
(235  cc.,  277  g.)  of  epiohlorohydrin  (l,2-epoxy-3-ohloro  propane). 
Six  and  seven  tenths  00.  of  HgSO^  (d.  1.81;)  were  added  droptri.se 
from  the  top  of  the  reflux  condenser.  The  mixture  was  refluxed  for 
six  hours,  cooled  and  an  excess  of  BaCO^  (30  g.)  was  added.  The 
filtrate  was  distilled,  first  at  atmospheric  pressure  to  remove  the 
excess  of  iso-amyl  alcohol  and  then  l-chloro-2-hydroxy-3-(3“Ei«thyl- 
n-butoxy)  propane  was  collected  at  118-119*  at  20  mm. 


B.  P. 

t 

118-119*  at  20  mm. 

Yield 

t 

2I4.9  g*,  1*378  moles,  144-4^ 

l 

l*Ml36 

n 

t 

1*0223 

Mtd 

t 

146.90  (found)  t 147.17  (calc.) 

i.  Synthesis  of  1 - ch lo r o-2-hy dr oxy-3** ( 2-methyl -n-butoxy ) 
propane 

In  a 1-1., 

two-necked  flask  fitted  with  a reflux  condenser 
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and  a stirrer  were  placed  one  mole  of  epichlorohydrin  (1,2-epoxy- 
3-chloro  propane)  and  2.3  moles  of  sec.-butyl  carbinol  (2-methyl 
butanol-1).  Two  and  two  tenths  cc.  of  HgSO^  (d.  1.84)  were  added 
dropwise  from  the  top  of  the  reflux  condenser.  The  mixture  was 
refluxed  six  hours,  cooled  and  an  excess  of  BaCOj  (10  g.)  was  added. 
The  filtrate  was  distilled,  first  at  atmospheric  pressure  to  remove 
the  excess  2-methyl  butanol-1  and  then  l-chloro-2-hydroxy-3-(2- 
nethyl-n-butoxy)  propane  was  collected  at  114.8-115*5*  at  20  eei. 


B.  P. 

t 

114.8-H5  *5*  at  20  nan. 

Yield 

i 

82  g.,  0.455  Bwles,  45*3^ 

A 

l 

1*4492 

< 

1.0638 

% Cl 

t 

22.19  (found)  j 19*62  (calc.) 

D 

l 

45*56  (found)  j 47*17  (calc.) 

This  compound  was  redistilled  and  the  constants  obtained 
were  essentially  the  same  as  those  given  above.  The  synthesis  was 
repeated  using  redistilled  2-methyl  butanol-1  and  epichlorohydrin 
and  still  -tide  same  constants  were  obtained.  It  was  observed  that 
a colorless  distillate  of  l-chloro-2-hydroxy-3-(2-mcthyl-n-butoxy) 
propane,  when  submitted  to  redistillation  left  a dark  brown  residue, 
indicative  of  decomposition.  The  slight  decomposition  of  the  com- 
pound on  distillation  is  a possible  explanation,  of  the  high  ohlorine 
value  obtained  and  the  low  observed  Mr^. 
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j.  Synthesis  of  l-ohloro-2-hydroxy-3-n-hexoxy  propane 
In  a 2-1.,  two-necked,  round-bottomed  flask  provided  with 
a stirrer  and  a reflux  condenser,  were  placed  three  moles  (235  cc., 

277  g»)  of  epiohlorohydrin  ( 1, 2-epoxy-3-chloro  propane)  and  nine 
moles  (919  £•*  1124  oc.)  of  hexanol-1.  Six  and  seven  tenths  cc.  of 
HgSOj^,  (d.  1.8L;),  were  added  dropwise  from  the  top  of  the  reflux 
condenser.  The  mixture  was  refluxed  for  six  hours,  cooled  and  an 
excess  of  BaCOj  (30  g.)  was  added.  The  filtrate  was  distilled  and 
l-ehloro-2-hydroxy-3-n-hexoxy  propane  was  collected  at  133°  at  20  mm. 
B.  P.  t 133*  *t  20  mm. 

Yield  t 243  g.,  1.243  moles,  I4 1.6^ 

* 1.4450 

D2^  1 1,0026 

MrD  * 51.67  (found)  j 51.79  (calc.) 

k«  Yhe  unsuccessful  condensation  of  other  alcohols  with 
l,2-epoxy-3-chloro  propane 

Sec.-butyl  alcohol  (butanol-2)  and  ter .-butyl  alcohol 
( 2-methyl -propanol-2)  were  treated  with  epiohlorohydrin  in  the  same 
way  as  described  in  the  proceeding  pages  but  nothing  could  be  isolated 
except  the  original  compounds 

3*  Discussion  of  Experimental  Results 
The  molecular  weights  were  plotted  against  the  boiling 
points  at  20  sei.,  the  densities,  the  indices  of  refraotion  and  the 
molecular  refractions  in  Figures  1,  2,  3,  and  4,  respectively.  These 
figures  show  the  gradation  of  physical  properties  in  correlation  with 
molecular  weight. 
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In  the  syntheses  of  the  ehloro-hydroxy-ethers  the  pro- 
cedure followed  was  to  mix  the  alcohol  with  epi chlor ohydr in  and  to 
add  slowly  to  that  mixture  concentrated  sulfuric  acid.  The  pro- 
oedure  worked  smoothly  with  all  the  primary  alcohols  employed,  with 
iiie  exception  of  methanol.  The  reaction  between  epi  chi  or  ohydr  in 
and  methanol  was  too  violent  and  the  procedure  had  to  be  changed. 

» i ' * 

However,  If  epi  chlor  ohydr  in  was  added  slowly  to  a mixture  of  methanol 
and  sulfuric  acid  idle  reaction  proceeded  smoothly. 

Several  factors  affecting  the  reaction  between  epichloro- 

tr  _.c  «.i  ^ * ■. 

hydrin  and  primary  alcohols  catalysed  by  EgSO^  were  studied.  Table  I 
gives  the  relation  of  reflux  time  and  yield. 

TABLE  I 

SYNTHESIS  OF  l-CHLORO-2-HYDROXY-3-n-BUTOXY  PROPANE 
Reaction  Conditions 


e . r “ 


Ratio  of  butanol-1 
to  epichlorohydrifL 

t V • 

£•  HgSOj^  per  mole 
of  epichlorohydrin 

Reflux 
time,  hours 

Yield, 
per  cent 

2 to  1 

h 

2 

52 

2 to  1 

h ] 

6 

51 

The  relation  between  the  amount  of  sulfuric  acid  and  the 
yield  is  given  in  Table  II. 
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TABLE  II 


SYNTHESIS  OF  1-CBLORO-2-HYDROXY-5-ETHOXY  PROPANE 
Reaction  Conditions 


Ratio  of  ethanol 
to  epichlorohydrin 

g.  HpSOi  per  mole 
of  epioHlorohydrin 

Reflux 
time*  hour 8 

Yield,  i 
per  cent 

2 to  1 

1.2 

2 

10.6 

2 to  1 

2.5 

2 

p 

32.7 

2 to  1 

4 

3*5 

60.0 

2 to  1 

4*5 

6 

67 

TABLE  III 

SYNTHESIS  OF  l-CliIORO-2-HYDROXY-3-n-BUTOXY  PROPANE 
Reaction  Conditions 


Ratio  of  butanol-1 
to  epi chlorohydrin 

g.  HgSOi  per  mole 
of  epioHlorohydrin 

Reflux 
time,  hours 

Yield, 
per  cent 

3 to  1 

3 

2 

50.0 

3 to  1 

9 

4 

42.7 

From  the  data  presented  in  Table  I it  is  evident  that  the 


per  cent  yield  is  not  a function  of  reflux  time  in  the  range  of  two 
to  six  hours.  By  applying  this  conclusion  to  the  data  in  Tables  II 
and  III  one  can  see  that  per  cent  yield  varies  directly  with  the  con- 
centration of  catalyst  (relative  to  epichlorohydrin)  rather  than  the 
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reflux  time*  The  data  in  Table  III  also  shows  that  idle  increase  in 


concentration  of  catalyst  oan  exceed  an  optimum  value*  This  optimum, 
appears  to  be  1**59  of  HgSOj^  per  mole  of  epiehlorohydrin*  An  excess 
of  acid  leads  to  secondary  reactions* 

Table  IV  shows  the  relation  between  the  ratio  of  alcohol  to 
epiehlorohydrin  and  per  cent  yield* 

TABLE  IV 

SYNTHESIS  OF  l^HIOR0-2-HYDR0XY-3-(2-lffiTHYL^**BUT03CY)  PROPANE 

Reaction  Conditions 


Ratio  of  2-methyl 
butanol-1  to 
epi chlor ohydr in 

g*  H2SOJ1  per  mole 
of  epiehlorohydrin 

Reflux 
time,  hours 

Yield, 
per  cent 

2*3  to  1 

h 

6 

1*5.3^ 

3 to  1 

h 

6 

53-<# 

The  data  given  in  Table  IV  indicate  that  by  increasing  only 


slightly  the  ratio  of  alcohol  to  epiehlorohydrin  and  keeping  the  other 
factors  constant  the  yield  is  increased*  The  yield  should  increase 
almost  indefinitely  by  increasing  the  ratio  of  alcohol  to  epichloro- 
hydrin  and  would  be  restricted  only  by  its  practicability. 

Tables  I through  IV  show  that  the  optimum  conditions  in  the 
reaction  of  alcohols  and  epiehlorohydrin  catalysed  by  sulfuric  acid 
are: 

1*  A high  ratio  of  alcohol  to  epiehlorohydrin 

2.  Four  to  five  grams  of  038^  per  mole  of  epiehlorohydrin  used 

3*  A reflux  time  of  two  to  six  hours 
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TABLE  V 


SYNTHESES  OF  1-CHLOBO-2-HYDROXY-5-ALKOZY  PROPANE 
Reaction  Conditions 


Alkoxy 

radical 

Ratio  of 
alcohol  to 
epi chlorohydr in 

£•  HgSO^ 
per  mole  of 
epi chlorohydrin 

Reflux 
tine,  hours 

Yield, 
per  cent 

iso-butoxy 

(2-nethyl-n- 

propoxy) 

3 to  1 

h 

- 6 

37*6 

n-butoxy 

2 to  1 

h 

6 

51*0 

iso-pentoxy 

(5-methyl-n- 

butoxy) 

2 to  1 

h 

6 

* 

n-pentoxy 

2 to  1 

k 

6 

52.0 

TABLE  VI 

SYNTHESES  OF  1-CHLO  R0-2-HYDR0XY->ALK0XY  PROPANE 
Reaction  Conditions 


Alkoxy 

radical 

Ratio  of 
alcohol  to 
epi chlorohydrin 

g.  HjsSOk 
per  raole  of 
epi chlorohydrin 

Reflux 
tine^  hours 

Yield, 
per  cent 

nethoxy 

3 to  1 

h 

6 

68*3 

hexoxy 

3 to  1 

h 

6 

ill* 

16. 
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18 


19 


1+.  Summary 

The  reaction  between  epichlorohydrin  and  certain  aliphatic 
alcohols  catalyzed  by  HgSO^  has  been  investigated.  Its  optimum  con- 
ditions have  been  found. 

The  densities,  boiling  points,  indices  of  refraction  and 
molecular  refractions  have  been  given  for  the  ten  chloro-hydroxy 
ethers  synthesized. 

Secondary  and  tertiary  alcohols  have  been  shown  to  be  ap- 
parently unreactive  to  epichlorohydrin  when  HgSOj^  is  used  as  catalyst. 
Varying  yields,  in  low  amounts,  have  been  obtained  with  propanol-2, 
the  only  exception  found  (to  the  preceding  statement). 

C.  Syntheses  of  Epoxy  Ethers 

1.  Review  of  the  Literature 

Epoxy  ethers  have  been  synthesized  by  the  removal  of  hy- 
drogen and  halogen  frosa  halo-hydroxy— ether  s . This  reaction  has  been 
reported  by  Henry  (1+1),  Reboul  (1+2) , Nef  (1+3) » Lespieau  (1+1+) , and 
Peratoner  (1+5).  These  investigators  have  synthesized  compounds  of 
the  type  CH2  “ CH-CHg-O-R  where  R is  methyl,  ethyl  and  iso-pentyl 
(3-t*ethyl  n-butyl).  Their  method  of  synthesis  has  been  the  treat- 
ment of  l-chloro-2-hydroxy-3-alkoxy  propane  with  concentrated  solu- 
tions of  alkali. 

In  1930  Foumeau  and  Sandahl  (1+6)  reported  the  anesthetic 
properties  of  certain  isocyclio  amino  alcohols  of  piperazine.  In 
the  syntheses  of  the  latter  series  of  compounds  of  the  type 
R— 0— CHg— CH( OH)— CHg^— CHg— CHg— CHg— CHg— H— CHg— CH( OH)  — CHg— 0— R they  pre- 
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pared  the  interned! ate  ethene  oxides  of  the  type  R-O-CH2-CH  - CHg* 
They  prepared  these  ethene  oxides  by  the  action  of  concentrated 
NaOB  on  the  corresponding  chloro-hydroxy-ethers  of  the  type 
Cl-CHg-CH(0H)-CH2-0-R*  The  iso-propyl,  n-pentyl,  and  the  2-mothyl- 


n-butyl  homologues  have  not  been  reported.  These  are  reported  in 
this  investigation  with  the  other  homologues.  Seme  phyBioal  con- 
stants not  previously  noted  are  also  listed.  Foumeau  and  Samdahl 
(I46)  restricted  the  data  given  for  the  epoxy  ethers  reported  by 
then  to  the  boiling  points. 


the  preparation  of  glycerol  diethers  by  the  action  of  sodium  hy- 
droxide on  1 , 3— di chloro~2«*hydr oxy  propane  in  ethanol  and  found  that 
this  reaotion  takes  place  in  four  stages,  which  involve  the  forma- 
tion and  destruction  of  two  ethene  oxide  rings  consecutively.  They 
investigated  the  conditions  which  govern  these  four  separate  re- 
actions and  modified  them  to  enable  the  process  to  be  stopped  at 
any  stage  to  afford  isolation  of  the  intermediate  compounds.  The 
rings  are  produced  by  alkali  and  are  reopened  by  further  alkali  or 
by  acid,  although  they  remain  stable  in  neutral  solution.  These 
investigators  reported  the  synthesis  of  l,2-epoxy-3-ethoxy  propane 
by  the  treatment  of  l-chloro-2-hydroxy-3-ethoxy  propane  with 


In  1952  Fairboume,  Gibson  and  Stephens  (I4O)  reported 


NaOH  at  00-62*. 


2*  Experimental 


a.  Synthesis  of  l,2-epoxy-3-®ethoxy  propane 


CHg-CH-CHg-O— CHj  + UaOH  s CHg  - ^CH-CHjr-O-CHj 
Cl  OH 
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In  a 3*1 •,  three-necked,  round-bottomed  flask,  provided 
with  an  efficient  mechanical  stirrer,  a reflux  oondenser  and  a 
hopper  which  could  be  opened  or  dosed  at  the  bottom  by  means  of 
a glass  bung  attached  to  a rod,  wore  placed  two  liters  of  ether 
and  two  moles  (2l6  co«,  2L*9  g*)  of  1- chlo r o-2**hydr oxy-3*-rae tlioxy 
propane.  The  flask  was  surrounded  by  an  ioe-water  bath,  and  three 
moles  (IS)  g.)  of  finely  powdered  sodium  hydroxide  were  added 
•through  the  hopper  in  small  portions  with  vigorous  stirring.  The 
water  bath  was  allowed  to  reach  room  temperature  and  the  mixture 
was  stirred  for  eight  hours.  Then  500  cc.  of  water  were  added  to 
cause  the  separation  of  two  layers  which  were  separated  in  a 
separatory  funnel.  Hie  aqueous  layer  was  extracted  with  ether  and 
the  ether  solutions  were  united  and  distilled,  first  at  atmospheric 
pressure  to  remove  the  ethyl  ether  and  then  under  vacuum  so  that 
the  desired  product  was  obtained  at  53*5“53»7°  at  85  mm. 


B.  P. 

t 

53*5-53.7°  at  85  ran. 

Yield 

t 

120  g.,  1.36  moles. 

• 

1.1*012 

t 

0.9798 

1 

21.859  (found) 

b.  Synthesis  of  1 , 2-epoxy-3 -e thoxy  propane 

CHg  - CH-CE^-O-CHg-CHj  + NaOH  = CHg  - ^CU-CI^-O-C^-CHj 

Cl  HO 

In  a 3-1.,  three-necked,  round-bottomed  flask,  provided 
with  a reflux  condenser,  an  efficient  mechanical  stirrer  and  a 
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hopper  which  could  be  opened  or  olosed  at  the  bottom  by  means  of 
a glass  bung  attached  to  a rod,  were  placed  1*5  liters  of  ether 
and  1*5  moles  (191  oc*,  208  g*)  of  l-chloro-2-hydroxy~3-ethoxy 
propane.  The  flask  was  immersed  in  an  ice-water  bath,  and  2.25 

moles  (90  g.)  of  finely  divided  NaOE  were  added  through  the  hopper 

■ * « * 

in  snail  portions,  with  vigorous  stirring.  The  water  bath  was  allow- 
ed to  reach  room  temperature  and  the  mixture  was  stirred  for  eight 
hours.  Then  375  oc.  of  water  were  added  to  cause  the  separation  of 
two  layers  which  were  separated  in  a separatory  funnel.  The  aqueous 
layer  was  extracted  with  ether  and  the  ether  solutions  were  united 
and  distilled.  1 , 2-epoxy-3-ethoxy  propane  was  collected  at  6l*  at 
65  mm* 


B.  P. 

t 

61  • at  65 

Yield 

t 

110  g*,  1*08  moles,  7f$ 

n25 

D 

I 

1 J |f>J  |A 

t 

0.9430 

!*d 

# 

26.544 

c.  Synthesis  of  1 , 2-opoxy-3-n-propoxy  propane 
Clip  — CH— CHg— 0— CHg— CHg— CH^  + HaOH  8 
Cl  HO 

In  a 2-1.,  three-necked,  round-bottomed  flask,  fitted  with 
an  efficient  mechanical  stirrer,  a reflux  condenser  and  a hopper 
'which  could  be  opened  or  closed  at  the  bottom  by  means  of  a glass 
bung  attached  to  a glass  rod,  were  placed  one  mole  (II4.7  oc.,  153  g.) 


of  l-ohloro-2-hydroxy-3”;ri“Propoxy  propane  and  one  liter  of  ether • 

The  flask  was  surrounded  by  an  ice-water  bath,  and  1*5  laoles  (60  g.) 
of  finely  powdered  sodium  hydroxide  were  added  through  the  hopper 
in  snail  portions.  The  water  bath  was  allowed  to  reach  room  tem- 
perature and  the  mixture  was  stirred  vigorously  for  eight  hours. 

Then  250  00.  of  water  were  added  to  cause  the  separation  of  two 
layers  which  were  separated  in  a separatory  funnel.  The  aqueous 
layer  was  extracted  with  ether;  the  ether  solutions  were  united 


and  then  distilled. 

65  mm. 

The 

desired  product  was 

t 

1 

© 

I 

8 

B.  P. 

t 

77*7®  at  65  ma. • 

Yield 

< 

70  g.,  0*602  moles. 

60^ 

-1 

t 

1.2+103 

d25 

k 

1 

0.9203 

t 

31.282+  (found) 

d.  Synthesis  of  l,2-epoxy-3«iso-propoxy  propane 


CHg-CE-CHg-O-CH— CHj  + HaOH  = CHg  -^CH-CI^-O-CH-CHj 
Cl  OS 

In  a 2-1.,  three-necked,  round-bottomed  flask,  provided 
with  an  efficient  nechanioal  stirrer,  a reflux  condenser  and  a 
hopper  which  oould  be  opened  or  closed  at  the  bottom  by  neans  of  a 
glass  bung  attached  to  a rod,  were  placed  750  oc.  of  ether  and  0*75 
moles  (108  cc.,  lli+  g.)  of  1—chloro— 2-hydroxy— 3-i so— propoxy  propane. 
The  flask  was  surrounded  by  an  ice-water  bath,  and  1.12  moles  (1+5  g.) 
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of  finely  divided  powdered  HaOH  was  added  through  the  hopped  in 
small  portions.  The  mixture  was  allowed  to  reach  room  temperature 
and  the  mixture  stirred  vigorously  for  eight  hours.  Then  200  cc. 
of  water  were  added  and  the  two  layers  formed  were  separated  in  a 
separatory  funnel.  The  aqueous  layer  was  extracted  with  ether j 
and  liie  mixed  ether  solutions  were  distilled.  l,2-epoxy-3-iso- 
propoay  propane  was  collected  at  68*  at  65  mm. 

68*  at  65  mm. 

58  g.,  0.50  moles,  66*6$ 

1J4O68 

0.9139 

f: 

31.272  (found) 


B.  P.  * 
Yield  t 


,25 


n 


lD 


e.  Synthesis  of  1, 2-epoxy-3-n-butoxy  propane 


CHg-CH-CHg-^-CHg-CHg-CHg-CH^  + NaOH 
Cl  OH 


In  a 2-1.,  three-necked,  round-bottomed  flask,  fitted  with 


a reflux  condenser,  a mechanical  stirrer  and  a hopper  which  could  be 
closed  or  opened  at  the  bottom  by  means  of  a glass  bung  attached  to 
a glass  rod,  were  placed  one  liter  of  ether  and  one  mole  (160  cc., 

166  g.)  of  l-ohloro-2-hydroxy-3-n-butoxy  propane.  The  flask  was 
immersed  in  an  ice-water  bath  and  while  it  was  being  stirred  vigorous- 
ly, 1.5  moles  (60  g.)  of  finely  powdered  NaOH  were  added  through  the 

» » 

hopper  in  small  portions.  The  flask  was  removed  from  the  water  bath 

® * a * ’’  9 

and  the  mixture  stirred  for  eight  hours  at  room  temperature.  Then 
250  cc.  of  water  were  added  and  the  layers  formed  were  separated. 


i. 
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The  aqueous  layer  was  extracted  with  ether,  and,  after  combination, 
the  ether  solutions  were  distilled.  The  desired  product  urns  collect- 
ed  at  69*7“  at  20  mm. 


with  a reflux  condenser  and  an  efficient  mechanical  stirrer,  were 
placed  one  liter  of  ether  and  one  mole  (166  oc.,  160  g.)  of  1- 
chloro-2-hydr oxv-3~i so-butoxy  propane*  The  flask  was  chilled  by 
immersing  it  in  an  ice-water  bath  and  then  1*5  ooles  (60  g.)  of 
finely  powdered  sodium  hydroxide  were  added*  The  temperature  of 
the  water  bath  was  allowed  to  reach  room  temperature  and  the  mix- 
ture was  vigorously  stirred  for  eight  hours*  Then  250  cc*  of 
water  were  added*  and  the  two  layers  formed  were  separated*  The 
aqueous  layer  was  extracted  with  ether  and,  as  stated  previously, 
■the  ether  solutions  were  distilled.  1, 2-epoxy— 3-isc-butoxy  propane 
was  collected  at  65*5*  at  SO  mm* 


B.  P*  i 69*7*  at  20  nmu 

Yield  s llU  g.#  0*875  Holes,  87 

* 

n3>  , 1J4I50 

u 

D2?  I 0.9087 


In  a 2-1*,  three-necked,  round-bottomed  flask,  fitted 
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B.  P.  t 65.5*  at  20  mm. 

Yield  * 98  g.,  0.752  moles,  75*2# 

1 lJ+112 
Djj  * 0.8998 
HPjj  i 35.936  (found) 
g.  Synthesis  of  l,2-epoxy-3-n“P©ntoxy  propane 
CH2-CH-CH2-0-(CHg)^-CHj  + NaOH  * CB^-CH-CI^-O-C  CH^-CH^ 

Cl  OH 

One  liter  of  ether  and  one  mole  (177  cc.,  181  g.)  of  1— 
ohlo r o-2-hydr  oxy-3 -n-pen toxy  propane  were  plaoed  in  a 2-1.,  three- 
necked, round-bottomed  flask  fitted  with  an  efficient  meohanical 
stirrer  and  a reflux  condenser.  The  flask  was  surrounded  by  an  ice- 
water  bath  and  then  1*5  moles  (60  g.)  of  finely  powdered  NaOH  were 
added  while  stirring  the  mixture  vigorously.  The  temperature  of  the 
water  bath  was  allowed  to  reach  room  temperature  and  the  stirring 
was  continued  for  eight  hours.  Then  250  00.  of  water  were  added 
and  the  two  layers  formed  were  separated.  The  aqueous  layer  was 
extracted  with  ether,  the  combined  ether  solution  distilled,  and 
the  desired  produot  collected  at  86.5-86.7*  at  20  mm. 

B.  P.  t Q6.5-86.7*  at  20  nan. 

Yield  t 108  g.,  0.749  moles,  74*9^ 

t 1.4201 

1 0.9015 

15r_  t 40*484 


n 
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CH2“CII“CH2“0^Hg— CHg— CH-CHj 
0 


h.  Synthesis  of  l,2-epoxy-3-(3-ciethyl-n-butoxy)  propane 
^H^^Hg-O-CHg-CI^-CH-CHj  + NaOH  S 
Cl  OH  CHj 

One  mole  of  l-chloro-2-hydroxy-3“(5“inethyl-n-butoxy)  pro- 
pane (177  cc.,  181  g.)  and  one  liter  of  ether  were  placed  in  a 2-1., 
three-necked,  round-bottomed  flask.  The  flask  was  provided  with  a 
reflux  condenser  and  an  efficient  mechanical  stirrer.  It  was  chilled 
by  immersing  it  in  an  ice-water  bath.  1.5  moles  (60  g.)  of  finely 
powdered  NaOH  were  added  with  vigorous  stirring.  The  temperature  of 
the  water  bath  was  allowed  to  reach  room  temperature  and  the  stirring 

• »•  * ■ -•  • 1 . ■'  ’ 

was  continued  for  eight  hours.  Then  250  oc.  of  water  were  added  and 

« "• 

t 

the  two  layers  formed  were  separated.  The  aqueous  layer  was  extract- 
ed with  ether,  the  combined  ether  solutions  distilled,  and  1,2-epoxy- 
3-( 3-®ethyl-n-butoxy ) propane  collected  at  80.7*  at  20  mm. 

B.  P*  t 80.7*  at  20  mm. 

Yield  t 116  g.,  0.80*4.  moles,  80.1$ 

a2?  , 1J1I85 

D 

* 0#8982 

MrD  a i40.501  (found) 


i.  Synthesis  of  1,2— epoxy— 3— (2-methyl— n—butoxy)  propane 

* » ; > * ♦ 

CHg-CH-CHg-O-C^-CH-CHg-CHj  ♦ NaOH  = CHg-CH-CHg-O-CHg-CH-CHg-CHj 

V£>/  ^ 

One  liter  of  ether  and  I.II4.  moles  of  1 -chlo r o-2-hydr oxy- 


C1  OH 


3-( 2-methyl-n-butoxy)  propane  (193  oc.,  205  &•)  were  placed  in  a 2-1., 
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three-necked,  round-bottomed  flask  fitted  with  an  efficient  mechani- 
cal stirrer  and  a reflux  condenser.  The  flask  was  surrounded  by  an 
ice-water  bath.  1*7  moles  (68  g.)  of  finely  powdered  NaOH  were  added 
while  the  mixture  was  stirred  vigorously.  The  temperature  of  the 
water  bath  was  allowed  to  reach  room  temperature  and  the  stirring 
continued  for  eight  hours.  Then  250  cc.  of  water  were  added  and  the 
two  layers  formed  were  separated.  The  aqueous  layer  was  extracted 
with  ether,  the  combined  ether  solutions  distilled,  and  the  desired 
product  collected  at  76-73*5*  at  20  mm. 


B.  P.  * 78~78*5*  &t  20  ram* 

Yield  * 106  g.,  0.755  moles,  61+.!$ 
a * 1J486 
D2^  1 0.8997 

Mr^  t I4OJ4U3  (found) 


In  a 2-1.,  three-necked,  round-bottomed  flask,  fitted  with 


one  liter  of  ether  and  one  mole  (I9I4.  cc.,  195  g.)  of  l-chloro-2- 
hydroxy-3-a-hexoxy  propane.  The  flask  was  surrounded  by  an  ice- 
water  bath.  1.5  moles  (60  g.)  of  finely  powdered  NaOH  were  added 
with  rapid  agitation  of  the  mixture.  The  stirring  was  continued  for 
eight  hours,  at  the  end  of  whioh  time  the  temperature  of  the  water 


j.  Synthesis  of  l,2-epoxy-3-n-hexoxy  propane 


a reflux  oondenser  and  an  efficient  mechanical  stirrer  were  placed 
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bath  was  allowed  to  reach  room  temperature.  Then  250  cc.  of  water 
were  added  and  idle  resulting  two  layers  separated*  The  aqueous  one 
was  extracted  with  ether  and  then  the  combined  ether  solutions  were 
distilled,  the  desired  produot  being  collected  at  105*  at  20  mnu 


B*  P* 

t 

105*  at  20  mra. 

Yield 

1 

137  S**  0*865  moles,  86*5^ 

n25 

D 

» 

IJL&& 

n 

< 

0.8&3 

lSr_ 

D 

t 

1+5*167  (found) 

3*  Discussion  of  Experimental  Results 

The  effect  of  varying  amounts  of  NaOH  in  the  conversion  of 
chlor o-hydr oxy-e ther s to  epoxy  ethers  was  investigated  by  Fairbourne 
et  al  (I4O) . The  amount  of  NaOH  used  in  this  investigation,  1*5  moles 
per  mole  of  chloro-hydroxy-e ther , is  similar  to  what  they  used  in  ob- 
taining the  highest  yields. 

It  was  observed  that  the  effectiveness  of  the  meohanical 
stirrer  has  a direct  bearing  upon  the  yield*  Table  VII  gives  data 
to  show  this  relation* 

TABLE  VII 

SYNTHESIS  OF  1, 2-EF0XY-3-*l-BUT0XY  PROPANE 
FROM  l-CiELDRO-2-HYDROXY-3-n-BUTOXY  PROPANE  AND  NaOH 
Reaction  Conditions 


Type  of  stirrer  used 

Yield, 

per  oent 

Ordinary  stirrer 

Run  No*  1 * 1+3*8 

Run  No*  2 * 38.1 

Modified  Hershberg  (1+7) 

Run  No.  1 * 81*7 

stirrer 

Run  No*  2 S 87*5 
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The  stirrer  mentioned  in  Table  VII  that  was  used  in  this 
investigation  was  built  similar  to  that  of  Eershberg  but  instead  of 
Nichroxae  wire  threads,  solid  stainless  steel  blades  which  collapse 
easily  were  used. 

The  observed  molecular  refraction  of  these  epoxy  ethers 
could  not  be  compared  with  the  calculated  values  because  the  atomic 
refraction  of  epoxy  oxygen  has  not  been  reported  yet*  The  atomic 
refractions  of  the  constituents  of  these  epoxy  ethers  were  added 
and  then  subtracted  from,  the  observed  molecular  refractions*  The 
difference  is  the  contribution  of  the  epoxy  oxygen  to  their  mole- 
cular refraction*  These  data  are  given  in  Table  VIII* 

TABLE  VIII 

MOLECULAR  REFRACTION  OF  COMPOUNDS  OF  THE  TYPE: 

CHg  * CH-CHg-O^R 


s 

Observed 

Calculated  Mrjj 
not  inoluding 
the  epoxy  oxygen 

Atomic 
Refraction 
of  epoxy 
oxygen 

methyl 

21.859 

20.115 

1*71*4 

ethyl 

26«5 Q* 

24*733 

1.811 

n-propyl 

31.281+ 

29.351 

1*933 

iso-propyl 

31.272 

29.351 

1.921 

n-butyl 

35.873 

33*969 

l*90l+ 

i30-butyl 

35.936 

33.969 

1.967 

n-pentyl 

iioJ+aU 

38*587 

I.897 

3 -me  thyl-n-butyl 

J+o.eoi 

38.587 

1*914 

2^nethyl -n-butyl 

I+0JU+3 

38*587 

I.856 

n-hexyl 

45.167 

i+3.205 

1*962 

The  theoretical  values  listed  in  Table  VIII  were  calculated 
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front  the  refraction  equivalents  for  atoms  ■which  were  reported  by 
Auwere  and  Eisenlohr  (1*8)  and  listed  by  Gilman  (1*9) • These  refrac- 
tion equivalents  are  for  refractive  measurements  made  with  the  D line 
of  sodium*  The  observed  values  were  obtained  by  use  of  the  equation 
of  Lorens  (50)  and  Lorcnts  (51), 

2 , 

n - 1 M 

l*rD  - ~~*~ 

xr±  2 d 

in  which  d,  M,  and  n are  the  density*  molecular  weight,  and  refractive 
index  of  the  compound  which  has  molecular  refraction  Mr^. 

The  atomic  refraction  of  epoxy  oxygen  given  in  Table  ¥111 
averages  1*690.  Using  -this  value,  the  observed  and  theoretical  mole- 
cular refraction  of  epichlorohydrin  are  compared  in  Table  IX* 

TABLE  IX 

MOLECULAR  REFRACTION  OF  EPICHLOROUYDRIH 


T& 

D 

s 1 J4.373  (Observed  value) 

n 

: 1*1765  (Observed  value) 

* 20.606  (Observed  value) 

I4rD 

j 20*611  (Calculated  value  using  1*890  as 
the  atomic  refraction  of  epoxy 
oxygen) 

In  Table  X the  different  refraction  equivalents  of  oxygen 
linkages  are  listed. 
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TABLE  X 


REFRACTION  1QUIYALMTS  OF  OXYGEN 


Type  of  Oxygen  Linkage 

Atomic  Refraction 

Hydroxyl  Oxygen 

1.525  (I*B) 

Ethereal  Oxygen 

1.6U3  (J*8) 

Epoxy  Oxygen 

1*890  (This  investigation) 

Peroxidic  Oxygen 

2.19  (52) 

Carbonyl  Oxygen 

2*211  (1*8) 

In  Figures  j,  6 and  7 the  molecular  weights  of  the  compounds 

/ 0N 

synthesized  in  this  work  of  the  type  CHg  - CH-CHg-O-R  were  plotted 
against  their  observed  densities,  refractive  indices  and  molecular  re- 
fractions,  respectively* 
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k»  Summary 

The  action  of  sodium  hydroxide  on  l-chloro-2-hydroxy- 
3-alkoxy  propane  in  the  production  of  l,2-epoxy-3-alkoxy  propane 
was  investigated. 

The  boiling  points,  densities,  refractive  indices,  end 
molecular  refractions  are  given  for  the  ten  epoxy  ethers  synthe- 
sised. 

The  atomic  refraction  of  epoxy  oxygen  was  found  to  be 

1.890. 

D.  Synthesis  of  Ether  Amino  Alcohols 

1.  Review  of  the  Literature 

The  reaction  of  an  ethene  oxide  with  ammonia  or  with  an 
amine  is  of  great  interest  in  synthetic  organic  chemistry.  It  is 
a well  known  fact  that  aqueous  solutions  of  ammonia  may  be  con- 
densed with  alkene  oxides  to  produce  alkanol  amines.  This  process 
was  first  described  by  TrJurtz  in  I860  (53)  • The  reaction  was  in- 
vestigated in  1897  by  Knorr  (5h)»  He  obtained  a mixture  of  mono, 
di,  and  tri-hydroxy  ethyl  amines  by  treating  aqueous  ammonia  with 
ethene  oxides 

- 0^ 

HHj  + CHg  - CHg  s HO-CHg-CHg-NI^ 

hydroxyethyl  amine 

HO-CHg-CHg-NHg  + CHg  - CHg  9 CHg-CHg-OH 

f 

H-N 

« 

CHg-CIIg-OH 

di-(beta-hydroxyethyl)  amine 
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CHg-CHg-OH 

• 

N-H 

t 

CHg-CHg-OH 


CHg-CHg-OH 
/ ®\  * 

+ CHg  - CHg  = IT-CHg-CHg-OH 


CHg-CHg-OH 

tri-(beta-hydroxyethyl)  amine 


By  the  use  of  a large  excess  of  ammonia,  the  primary  amine 

was  obtained  as  the  main  produot.  Advantage  of  this  fact  was  taken 
* 

in  this  investigation  when  the  mono-alkylation  of  ethylene  diamine 
was  sought. 

An  unsyime tr i cally  substituted  ethene  oxide  would  appear 
to  be  capable  of  reacting  in  either  of  two  ways,  depending  upon  which 
carbon  retains  the  oxygen  atom: 


OH 

i 

0^  a.  R-CH-CHp-NHp 

' NHj  + R-CH  - CHg  a 

b*  R-CK-CHg-OH 

* 

Krasuskii  (55)  found  that  the  reaction  proceeds  as  in  case  a. 
He  formulated  a rule*  an  asymmetrically  substituted  1,2-oxide  combines 
with  ammonia  to  form  amino-alcohols  in  whioh  the  hydroxyl  is  attached 
to  the  oarbon  atom  which,  in  the  original  compound,  was  associated 
with  the  least  number  of  hydrogen  atoms. 

Research  on  the  synthesis  of  alkanol  amines  by  the  action 
of  ammonia  on  alkene  oxides  is  contained  mainly  in  the  patent  litera- 
ture (56,  57,  5s,  59,  60,  6l,  62).  Krasuskii  and  Krivonos  (65)  in 


1929  obtained  l-araino-3-methyl-2-butanol  by  treating  CH^-CH-CH-CHg-HHg 

% 

with  33/9  aqueous  HH^OH  in  a sealed  tube  for  two  days. 


CHj  OH 
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Processes  in  which  aqueous  solutions  of  aliphatic  amines 
are  condensed  with  alkene  oxides  are  also  well  known  (6b)  and  most 
of  these  researches  are  contained  in  the  patent  literature  (65,  66, 

67,  68,  69,  70). 

The  manufacture  of  alkyl  "•substituted  alkanol  amines  has 
been  achieved  by  -Ode  reaction  of  amines  with  alkene  oxides  in  pro- 
cesses involving  the  presence  of  very  substantial  quantities  of 
water  in  the  reaction  mixture.  Bodforse  (71)  referred  to  the  fact 
that  violent  explosions  occur  even  when  concentrated  ammonia  liquid 
is  used  and  stated  that  pure  ethene  oxide  did  not  react  with  care- 
fully dried  ammonia  gas.  VJhitaore  (72)  made  the  statement  that 
diethyl  amine  and  ethene  oxide  do  not  unite  dry.  Kautter  (73)  in“ 
di cates  that  the  reaction  between  alkene  oxides  and  dry  ammonia  is 
very  slow.  However,  very  recently,  Schwoegler  (?U)  discovered  that, 
when  a body  of  dry  diethyl  mine  is  heated  to  a temperature  sub- 
stantially in  excess  of  the  temperature  used  in  the  aqueous  method, 
reaction  between  ethene  oxide  and  diethyl  amine  occurs  with  consider- 
able evolution  of  heat. 

The  action  of  alkene  oxides  on  di-amines  has  also  been 
investigated.  Krasuskii  and  Kosenko  (75)  in  1929  reported  the  re- 
action of  piperazine  with  the  oxides  2,2-dimethyl  ethene  and  tri- 
methyl  ethene.  Krasuskii  and  Pilyugin  (76)  reacted  piperazine  and 
propone  oxide.  All  these  investigators  isolated  only  the  di-sub- 
stituted  piperazines.  Kitchen  and  Pollard  (77)  obtained  the  mono 
substituted  piperazine  by  reacting  ethene  oxide  and  piperazine. 


Hie  reaction  of  ethene  diamine  and  ethene  urns  reported 
by  Enorr  and  Brownsden  (78),  MacDowell  (79)  and  by  Sherlin,  Berlin 
and  Rabinovitoh  (80).  Recently  Kitchen  and  Pollard  (77)  mono- 

- .-C 

alkylated  ethene  diamine  with  propene  oxide,  2-methyl  propane  oxide 
and  with  2-phenylethene  oxide*  These  reactions  represent  the  total 
extent  of  the  investigation  of  the  reaotion  of,  alkene  oxides  with 
ethylene  diamine  up  to  the  present  investigation. 

2.  Experimental 

a.  Synthesis  of  N-(  2-hydroxy-3-fne  thoxy  propyl)  ethene 
diamine 

To  10  moles  (8*72  g.  of  69*9^)  of  boiling  ethene  diamine 

a 

hydrate  contained  in  a 2-1.,  three-necked,  round-bottomed  flask, 
provided  with  a reflux  condenser  and  a mechanical  stirrer,  was 
added  dropwisc  through  the  top  of  the  condenser  one  mole  (90  cc., 

88  g.)  of  l,2-epoxy-3*methoxy  propane.  The  mixture  was  refluxed 
and  stirred  for  five  hours.  It  was  then  distilled  and  the  desired 
product  was  collected  at  117-119°  at  2 mm. 


B.  P. 

117-119*  at  2 mm. 

Yield 

123  g.,  0.829  moles,  82.g£ 

IdvTkB 

"t 

1.024i6 

39»93  (found)  1 1*0.09  ( calc.) 

N,  % 

18.77  (found) 

N,  % 1 

18.90  (calc,  for  C6Hl60gH2) 

b*  Synthesis  of  II- ( 2-hydr oxy-J-e thoxy  propyl)  ethene  diamine 
To  7*5  moles  (655  g»  of  69*9$)  of  boiling  ethene  diamine 
hydrate  contained  in  a 1-1.,  three-necked,  round-bottomed  flask,  fitted 
with  a stirrer  and  a reflux  oondenser,  was  dropwise  added  through  the 
top  of  the  condenser  0*75  moles  (92  cc.,  86  g.)  of  1,2-epoxy-J-ethoxy 
propane.  The  mixture  was  stirred  and  refluxed  for  five  hours  and  then 
distilled.  H-( 2-hydr oxy-3 -ethoxy  propyl)  ethene  diamine  was  collect- 
ed at  126*  at  3 mm. 


B.  P. 

t 

128*  at  3 ram«,  126  at  2 raa- 

Yield 

t 

95  S*#  0«59  laoles,  78*6^ 

i 

1-1*71*0 

n 

i 

1.0265 

MTd 

t 

1*1*  .1*1  (found)  j l*i*-71  (oalo.) 

N,  % 

t 

17-23  (found) 

H,  % 

t 

17*27  (calc,  for  C^gO^) 

c.  Synthesis  of  N-( 2-hydr oxy-3-n-propoxy  propyl)  ethene 
diamine 

Four  tenths  moles  (51  cc.,  1*6  g.)  of  1,2-epoxy— 3-n-propoxy 
propane  were. added  dropwise  to  four  moles  (3l*8  g.  of  69*9^)  of  boil- 
ing ethene  diamine  hydrate.  The  reaction  was  carried  out  in  a 1-1, 
three-necked,  round— bottomed  flask,  provided  with  a mechanical  Btirrer 
and  a reflux  oondenser.  The  mixture  was  refluxed  with  stirring  for 
five  hours  and  then  distilled  to  obtain  the  desired  product  which  was 
collected  at  130-131*  at  2 mm. 


1*2 


B.  P# 

< 

130-131*  at  2 mm# 

Yield 

t 

51  g#,  0*29  moles,  72.5^ 

n25 

D 

1 

1.4683 

n. 

t 

0.9987  V 

t 

49*08  (found)  j 49*33  (calc.) 

H,  % 

t 

15*84  (found) 

N,  % 

t 

15*89  (calo.  for  CgH^O^) 

d.  Synthesis  of  H- ( 2-hydr oxy-3-i s o-pr opoxy  propyl)  othene 
diamine 

To  four  moles  (348  g.  of  69*9^)  of  boiling  ethane  diamine 
hydrate  contained  in  a 1-1#,  three-necked,  round-bottomed  flask, 
provided  with  a mechanical  stirrer  and  a reflux  condenser,  0.4  moles 
(51  00*,  46  g.)  of  1 , 2-epoxy*3-i so-pro poxy  propane  were  added  slowly* 
The  mixture  was  stirred  and  refluxed  for  five  hours  and  then  distill- 
ed# N- ( 2-hydr oxy-3-i so-propoxy  propyl)  ethene  diamine  was  collected 
at  126*  at  3 nta* 


B.  P. 

* 

126*  at  3 ram* 

Yield 

1 

54  E*>  0.306  moles,  76*6$ 

I 

1.4650 

n 

t 

0.9875 

lSrD 

t 

49*34  (found)  j 49*33  (cal 

N,  % 

t 

15*88  (found) 

N,  % 

t 

15*89  (calc,  for  CfJHpoOpNp) 

e.  Synthesis  of  N-( 2-hydroxy-3-n-butoxy-propyl ) ethene  dianine 
Seventy-five  hundreths  moles  (108  cc»,  97  g*)  of  1,2- 
epoxy-3-n«butoxy  propane  were  added  dropwise  to  7*5  moles  (655  g* 
of  69 #9 %)  of  boiling  ethene  diamine  hydrate.  The  reaction  vt&B 
carried  on  in  a 2-1*,  three-neoked,  round-bottomed  flask,  fitted 
with  a mechanical  stirrer  and  a reflux  condenser.  The  mixture  was 
stirred  and  refluxed  for  five  hours  and  then  distilled,  N-(2-hy- 
droxy-3-n-butoxy  propyl)  ethene  dianine  was  ool looted  at  1314-135  " 
at  2 mm. 


B.  P. 

t 

1^-155*  2 ram. 

Yield 

t 

115  g*,  0.60)4  moles,  00,5^ 

n25 

D 

t 

1 M>5h 

n 

* 

0.9775 

Mr 

D 

1 

53*85  (found)  j 53*95  (calc.) 

n, 

: 

114,62  (found) 

K,  % 

* 

li4,72  (calc,  for  C^HggOgNg) 

f • Synthesis  of  N- ( 2-hydr oxy-3-is  o-butoxy  propyl)  ethene 
dianine 

To  six  moles  (522  g,  of  69*9!#)  of  boiling  ethene  diamine 
hydrate  contained  in  a 1-1,,  three-necked,  round-bottomed  flask, 
were  added  dropwise  0.6  moles  (87  cc.,  76  g,)  of  l,2-epoxy-3-iso- 
butoxy  propane.  The  flask  was  provided  with  a reflux  condense**  and 
a mechanical  stirrer.  The  mixture  was  stirred  and  refluxed  for  five 
hours  and  then  distilled,  Hie  desired  produot  was  collected  at  133* 
at  3 mm. 


Mu 


B.  P. 

l 

133*  at  3 nsa. 

Yield 

t 

87  g*,  Oj+57  moles,  76*^ 

1 

IJ4627 

n 

l 

O.969I+ 

Mr 

D 

t 

53*99  (found)  ; 53*95  (calo.) 

H,  % 

* 

14-.66  (found) 

H.  % 

t 

11+.72  (calc,  for  C^HggOgNg) 

g.  Synthesis  of  ]?-( 2-hythroxy-3-n-pentoxy  propyl)  etheno 
diamine 

Five  tenths  moles  (80  oc.,  72  g.)  of  l,2-epoxy-3-n-pentoxy 
propane  were  added  dropwise  to  five  moles  (I4.36  g.  of  69.9 %)  of  boil- 
ing ethene  diamine  hydrate  contained  in  a 1-1.,  three-necked,  round- 
bottomed  flask*  The  latter  was  fitted  with  a reflux  condenser  and 
a meohani cal  stirrer.  The  mixture  was  refluxed  and  stirred  for  five 
hours  and  then  distilled.  The  desired  produot  was  collected  at  llj9“ 
150*  at  2 mm. 


B.  P. 

Yield 

n25 

D 

n 

iir 

D 

»,  % 
N,  % 


149-150 • at  2 mm. 

85  g«,  0djl6  moles,  83*2^ 

1*1+61+5 

0.9660 

58J+1  (found)  j 58.56  (calc.) 
13*65  (found) 

13*71  (calc,  for  Cj^II^OgNg) 


h.  Synthesis  of  N- (2-hy^oxy-3-(  3-ne  thyl-n-butoxy  ) propylj 
ethane  diamine 

To  five  soles  (1+36  g*  of  69.9^)  of  boiling  ethene  diamine 
hydrate  oontain ed  in  a 1-1.,  three-necked,  round— bottomed  flask, 
provided  with  a reflux  condenser  and  a mechanical  stirrer,  were 
added  dropwise  through  the  top  of  the  condenser  0*5  moles  (80  cc», 

72  g.)  of  1,2-epoxy  3-(3-methyl-n-butoxy)  propane.  The  mixture 
was  refluxed  and  stirred  for  five  hours  and  then  distilled*  The 
desired  product  was  collected  at  ll+5»7*  at  2 ecu 


B.  P. 

t 

11+5.7*  at  2 mm. 

Yield 

t 

86  g.,  0.1*2  moles,  9l$ 

t 

1.1+6U1 

n 

* 

0.9635 

1 

58.52  (found)  ; 58.56  (calc.) 

H,  % 

l 

13*66  (found) 

N,  % 

1 

13*71  (oalc.  for  C]nIIp),QpNp ) 

i*  Synthesis  of  N-[2-hydroxy-3"(2-^thyl-n-butoxy)  propylj 
etiiene  diamine 

Five  tenths  moles  (80  co.,  72  g«)  of  1 , 2-opoxy-3-( 2**nethyl- 
n-butoxy)  propane  were  added  dropwise  to  five  moles  (1+35  g*  of  69*$$) 
of  boiling  ethene  diamine  hydrate.  The  reaction  was  conducted  in  a 
1-1.,  three-necked,  round-bottomed  flask,  provided  with  a reflux  con- 
denser and  a mechanical  stirrer.  The  mixture  was  stirred  and  re- 
fluxed for  a period  of  five  hours  and  then  distilled.  The  desired 
product  was  obtained  at  l?+2*  at  2 mm. 


B.  P. 

< 

ll+2*  at  2 ssa*  j li+3*7*  *t  5 mm* 

Yield 

t 

79  g*,  0*386  moles,  77*2^ 

1 

1*1+61+8 

*1 

• 

0.9630 

Hr 

D 

t 

58*61  (found)  j 58*56  (calc.) 

H.  % 

« 

13.56  (found) 

N,  % 

t 

13*71  ( calc,  for  C-iflllpjjOpKp) 

j.  Synthesis  of  N«(2-hydroxy-3^^exc«cy-propyl)  ethene 
diamine 

To  7 *1+5  moles  (6J+Q  g*  of  69*9^)  Of  boiling  ethene  diamine 
hydrate  contained  in  a 1-1.,  three-necked,  round-bottomed  flask, 
provided  with  a mechanical  stirrer  and  a reflux  condenser  were  added 
dropvrise  through  the  top  of  the  oondenser,  0*71+5  moles  (132  cc., 

118  g.)  of  1 , 2-epoxy-5-n-hexoxy  propane.  The  mixture  was  refluxed 
and  stirred  for  five  hours  and  then  distilled.  N-( 2-hy droxy-3-n- 
hexoxy-propyl)  ethene  diamine  was  collected  at  158°  at  2 mm* 

B*  P*  t 155*5  “ 156*  at  1 aaa.j  158*  at  2 heuj  160*  at  3 ecu 
Yield  , 128  g.,  0*587  moles,  78*751 

n25  t 1J4650 

* 0.951+9 

t 63.19  (found)  | 63*18  (calc.) 

K,  % t 12*74  (found) 

N,  % * 12.85  (calc,  for  C^Iig^O^Ng) 


5*  Discussion  of  Experimental  Results 

The  alkylation  of  ethene  diamine  with  an  epoxy  other  has 
not  been  reported.  However,  the  alkylation  of  ammonia  and  amines 
■with  alkylene  oxides  is  a well  known  reaction.  It  was  reported  by 
Knorr  (81)  that  the  primary  amine  was  the  main  product  obtained  when 
a large  excess  of  ammonia  was  reacted  with  ethene  oxide.  Kitchen 
and  Pollard  (77)  showed  that  the  mono-alkylation  of  piperazine  with 
ethene  oxide  and  of  ethene  diamine  with  propene  oxide,  2-methyl 
propene  oxide  and  with  2— phenyletheno  oxide  was  accomplished  when 
a large  excess  of  the  amine  involved  was  used.  With  this  established 
fact,  the  process  followed  in  this  investigation  for  the  mono-alkyla- 
tion of  ethylene  diamine  with  an  epoxy  ether  was  the  use  of  a high 
mole  ratio  of  amine  to  oxide.  The  lowest  ratio  at  any  time  was  ten 
to  one  because  one  molar  equivalent  of  the  oxide  was  added  dropwise 
to  ten  molar  equivalents  of  the  amine.  The  reaction  was  carried  on 
at  the  highest  possible  temperature,  i.e.  boiling  ethene  diamine 
hydrate,  in  order  that  the  reaction  occur  as  soon  as  the  oxide  came 
in  oontaot  with  the  amine  and  an  excess  of  the  former  never  exist. 
This  was  done  to  limit  to  a minimum  secondary  reactions  such  as  the 
di-,  tri-,  and  te tr a-alky la ti on  of  ethene  diamine  which  are  all 
possible* 

In  one  case  the  mole  ratio  of  amine  to  oxide  was  decreased 
and  the  yield  of  the  mono-alkylated  ethene  diamine  was  substantially 
decreased  and  a small  amount  of  the  di-substituted  compound  isolated. 
These  data  are  given  in  Table  XI. 


TABLE  XI 


REACTION  OF  ETHENE  DIAMINE  HYDRATE  AND  1,2-EPOXY- 

fj\  • ; j 

>n-BUTOXY  PROPANE 


Mole  ratio  of 
amine  to  oxide 

Yield  of  mono- 
substituted 
ethylene  diamine, 
per  cent 

Yield  of  di- 
subs tituted 
ethylene  diamine, 
per  oent 

2 to  1 

3»7 

i;  to  1 

56*0 

2*2 

10  to  1 

80*5 

0 

The  di  substituted  ethene  diamine  compound  mentioned  in 
Table  XI  is  N , N 1 -d  I - ( 2-hydr oxy-3-n-butoxy  propyl)  ethene  diamine* 


2 CH, 


0, 


^-CH-CHg-O-CHg-CHg-CHg-CH^  + HgN-CHg-CHg-NHg  Hg0  t 

OH 

t 

HgN-CHg-C^-SH-CI^-CH-  CIIg-O-CHg-CH^-C^-CHj  N-(  2-hydr  oxy-> 
n-butoxy  propyl)  ethene  diamine  * 


OH 

« 


H 

i 


H 

* 


OH 


CH^-CH2-CH2^H2-0-a^-CH-CH2-B-CH2-CH2^-C%<H-CH2-0-CH2-CH2-CH2-CHj 
N, N * -di- ( 2-hydr oxy-3-n-butoxy  propyl)  ethene  diamine*  This  compound 
was  reorystallised  from  water  and  formed  beautiful  white  shiny  plates* 


l£. 


I 


M.  P.  s 


121  - 122* 


H,  fa  t 8*82  (found) 

S*  % * 8#7U  (calo*  for 

Mol.Wt. : 323»2  (found  by  Rast’s  (82)  camphor  method) 

Mol.Wt. t 320*1*  (oalc.) 

Mono-naphthyl  isocyanate  derivative  s (Recrystallised 
from  benzene  and  heptane) 

M.  P.  1 138  - ll|0» 

N,  % 1 8*63  (found) 

H,  fa  t 8*58  (calo*  for  Cg^H^Oj-Hj) 

Mol.Wt.*  i+96*l+  (found  by  Rast’s  (82)  camphor  method 
Mol.Wt.*  14.89*6  (calo.) 

The  cyclo-dehydration  of  H-  ( 2-hydr oxy-3^n~butoxy  propyl) 
ethene  diamine  for  the  production  of  substituted  piperazine  was 
attempted* 


/ 


H 

1 

H-H 


■■m 


CHg  CH-CHg-O-CHg-CHg-CEg-CHj 


( 

CHp  CHo 

X A* 

H 


H 


H 

V 

N 


\ 

CHg  OT-CHg-O-CEg-CHg-CHg-CHj 

CHo  CHo 

\ / 

W 


H 
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No  success  was  obtained,  in  this  attempt*  The  procedure 
followed  was  refluxing  the  mono-substituted  ethene  diamine  in  the 
presence  of  a high  boiling  and  inert  solvent  such  as  diethyl  carbltol, 
and  Raney  (83)  nickel  as  oatalyst.  Kitchen  and  Pollard  (81+)  and 
Goulding  and  Pollard  (85)  have  used  this  oatalyst  successfully  in 
the  cyclo-dehydration  of  certain  amino-alcohols.  In  this  investi- 
gation, it  was  found  that  no  reaction  took  plaoe  or  the  original 
ether -amino-alcohol  decomposed  when  submitted  to  more  drastic  treat- 
ments such  as  the  subjection  of  the  reaction  mixture  to  pressure. 

In  one  instance  a trace  of  a hygroscopic  compound  was  isolated  when 
30  parts  of  H-(2-hydroxy-3-n-butoxy  propyl)  ethene  diamine  were  re- 
fluxed with  30  parts  of  diethyl  oarbitol  and  1 part  of  Raney  nickel 
followed  by  distillation,  this  compound  was  collected  at  82-83*  at 

65  ran. 

B*  P.  * 82-83*  at  65  ncu 
F.  P.  8 1+8.6-J+9* 

On  analysis  it  showed  23 .8^  K,  and  eight  days  after  stand- 
ing in  a dessicator  it  showed  only  5«5$  N.  Due  to  the  instability 
of  this  compound,  its  structure  could  not  be  determined. 

In  Figures  8,  9*  10*  and  11  the  molecular  weights  of  these 
new  ether  amino  alcohols  of  the  type  H2H-CH2-CH2-liH-CK2“CH( OH ) -CHg- 
0-R  have  been  plotted  against  their  observed  boiling  points,  densities, 
refraotive  indices  and  molecular  refractions. 
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52 


53 


4 fflpcur 
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h»  Summary 

The  nono-alkylation  of  ethane  diamine  with  epoxy  ethers 
in  the  production  of  ether  amino  aloohols  of  the  type 


H2N-CH2-GH2-HH-CH2-CH( 0H)-CHg-0-R 


where  R is  methyl,  ethyl,  n- propyl,  iso-propyl,  n-butyl,  iso-butyl, 
n-pentyl,  3-methyl-n-butyl,  2-jaethyl-n-butyl,  and  n-hexyl  has  been 
accomplished*  The  boiling  points,  yields  obtained,  refractive 
indices,  densities,  molecular  refraction  and  nitrogen  contents  are 
given  for  these  ten  new  compounds. 
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III.  Organo  Arseni cals 

A.  Introduction 

This  part  of  this  investigation  was  originally  intended 
to  be  the  main  one.  Its  goal  was  the  synthesis  of  compounds  of  the 
type  of  Mapharsen  (3-ainino-i^-hydroxyphenyl  arsenoxide)  and  Arsphen- 
anine  (3, 3,“di*“nino-i|,i+*-di -hydroxy  arseno  benzene)  containing 
sulfanilamido  radicals.  At  the  time  this  project  was  started,  a 
search  of  the  recorded  literature  was  made  and  no  compounds  were 
found  that  were  of  the  nature  of  those  intended  to  be  made.  However, 
investigation  in  this  field  was  abandoned  after  several  months  of 
work,  as  soon  as  a copy  of  U.  S*  Patent  No.  2,1^09,291  (86),  obtained 
at  -the  earliest  possible  date,  revealed  that  duplication  had  occurred. 

A short  resume  of  the  work  done  in  this  field  will  be  given 
without  trying  to  enter  in  the  discussion  of  the  lengthy  literature 
of  organo  arsenicals  and  sulfanilamide  end  it6  many  derivatives. 

B.  Experimental 

The  goal  of  this  project  was  the  accomplishment  of  the 
following  synthesesj 

C6H5"OH  + HjAsO^  + NaOH  S {^-(OH)  -As.O(ONa)(OH) 

sodium-p-hydroxy  phenyl  arsonate 

C^Hj^-COHJ-As .O(ONa)  (OH)  + HNO^  = ^-(OHXNOg)  As.O(OH)2 

3 -nitron-hydroxy  phenyl 
ar sonic  acid 

c6H5-(0H)(K°2)as.0(0H)2  + Ha2S2°l|  = C6H5-(OH)(H^)As.O(OH)2 

3-amino -lj.-hydroxy  phenyl 
ar sonic  acid 
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c6Hr(°H)  (HHgjAs.OCOHjg  + CHjCONHC^H^SOgCX  8 


OH 


NH-S-^  y 
0 


NHCOCHj 


HO-Ab=0 

» 

OH 

3-( p-acetanino-phenyl-Bulf onanldo ) «4{-hydroxy  phenyl  arsonio  acid. 
OH  OH 


HH~S»<  >HHCOCB^  + HC1  ~ 


V 

HO-AsaO 


OH 


HO-AsSO 

* 

OH 

3-(  p-amino-phenyl-sulf onanido  ) , l^-hydroay 
phenyl  arsonio  aoid 


OH 


)mg 


HO-AbSo 

i 

OH 


0 


H2N  <d>  **§“H  II 
6 


OH 


HhX<C!>HH2 

Ab=o 

3-  ( p-amino-phenyl-sulfonamdo  ) -J4- 
hydroxy-phenyl-arsenoxide 


Red. 


OH 


OH 


As 


= V 


3,3»-di(  p-anino-phenyl-sulfonanido  ) * -dihydroxy- 

ar  senobenzene 
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I*  Synthesis  of  sodium  p-hydroxy-phenyl  arsonate 


ONa 

l 

Six  Hundred  g.  of  syrupy  orthoarsenio  acid  (95)  were  added 
to  JOO  g*  of  phenol  suspended  in  $00  g*  of  o-di -chlorobenzene  con- 
tained in  a 2-1*,  two-necked,  round-bottomed  flask  provided  with  an 
efficient  mechanical  stirrer  and  a still  head.  The  flask  was  set  in  ' 
a mineral  oil  bath  which  was  heated  to  155— 160*  and  the  stirrer  was 
run  at  high  speed  rate.  Water,  o-di-ohlorobenzene  and  a small  amount 
of  phenol  were  distilled  out.  The  distillation  was  continued  until 
58  oc.  of  water  were  collected.  The  still  head  mis  then  set  on  total 
reflux  and  the  reaction  was  continued  for  five  hours.  The  mixture 
was  poured  into  three  liters  of  water  in  a crock  and  made  slightly 
alkaline  to  litmus  by  the  gradual  addition  of  barium  hydroxide.  The 

ii.  ■ ■“  * • tu 

barium  arsenate  was  removed  by  filtration.  The  o-di-ehlorobenzene 
layer  was  separated  from  the  mother  liquor.  The  latter  was  treated 
with  sulfuric  acid  until  free  from  sulfate  and  barium  ions,  the 
filtrate  was  evaporated  to  about  two  liters,  neutralized  to  litmus 
with  sodium  hydroxide  and  filtered.  The  filtrate  was  evaporated 
until  crystallization  was  well  under  way,  and  then  treated  with  twice 
its  vo Tun®  of  ethanol.  The  mixture  was  allowed  to  stand  overnight, 
the  sodium  p-hydroxy  phenyl  arsonate  filtered,  washed  with  alcohol 
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and  dried  in  an  oven  at  75*  • The  yield  consisted  of  280  grams  of 
SOfo  pure  salt  corresponding  to  29,3$*  The  direct  arsonation  of  phenol 
as  just  described  was  reported  with  slight  variations  by  Conant  (87), 
Jacobs  and  Heldelberger  (88),  and  by  Christiansen  and  Norton  (89)*  A 
German  patent  (90)  was  granted  on  the  process. 

Sodium  p-hydroxy  phenyl  arsonate  synthesized  as  described 
above  is  contaminated  with  varying  amounts  of  sodium  sulfate.  There 
is  no  simple  criterion  of  purity,  such  as  a melting  point  determine- 
tion.  Since  an  exact  amount  must  be  taken  for  the  subsequent  step, 
i.e.  nitration,  this  difficulty  is  significant.  However,  Conant  (87) 
has  devised  a method  of  analysis  fairly  accurate  and  rapid  to  cir- 
cumvent this  difficulty.  The  method  resembles  the  bromine  titration 
of  phenol.  About  0.1  g.  of  the  substance  dried  at  100*  is  weighed 
into  a glass-stoppered  flask  and  dissolved  in  a little  water.  Fif- 
teen oc.  of  an  approximately  normal  solution  of  bromine  are  added. 

The  flask  is  stoppered  and  shaken  several  minutes.  An  excess  of 
potassium  iodide  is  now  added.  The  flask  is  shaken  again  and  the 
solution  is  titrated  with  0.1  N.  NagSgOj.  The  bromine  solution  is 
compared  with  the  thiosulfate  before  each  de termination . 

2.  Synthesis  of  3“^  tro-ij— hydroxy— phenyl  ar sonic  acid 

OH  OH 


+ HNOj  + HgSO^  = 

HO-AssO 

t 

ONa 


60. 


Tiro  hundred  and  seventy-five  g.  of  crude  sodium  p-hydroxy 
phenyl  arsonate  containing  0*75  moles  of  the  organic  salt  were  slowly 
stirred  into  500  cc*  of  HgSOj^,  (d*  l.Qi*),  kept  at  0**  The  reaction 
was  conducted  in  a 2-1*,  two-necked,  round-bottomed  flask,  provided 
with  a reflux  condenser  and  a stirrer.  The  nitrating  mixture,  con- 
sisting of  0*75  moles  (ijfl  cc*)  of  EKQj  (d.  1*I}2,  assay  70*5^)  and 
1} 8 cc*  of  HgSO^  (d*  l*8lj.)  was  introduced  dropvri.se  from  the  top  of 
the  condenser,  then  the  temperature  was  allowed  to  rise  slowly  to 
15* • It  was  kept  at  this  temperature  while  being  stirred  for  four 
hours*  The  mixture  was  then  poured  into  2*5  liters  of  water  and 
placed  in  the  refrigerator  for  two  days*  The  nitro-hydroxy  ar sonic 
acid  was  filtered,  recrystallized  from  water  and  air  dried.  The 
yield  was  0*5  moles  (131*5  £•)  which  corresponded  to  66^  of  the  theo- 
retical. 

1 

The  synthesis  of  3’*®itro-i4.-hydroxy  phenyl  arson!  o acid  by 
the  nitration  of  sodium  p-hydroxy  phenyl  arsonate  has  been  reported 
by  Benda  and  Bertheim  (91)  and  by  Conant  (87)* 

3*  Synthesis  of  3~Qmino-i4— hydroxy— phenyl  ar  sonic  acid 


OH 

j^J  H02  + HagSgO^  s 
HO-ASSQ 

i 

OH 


OH 


H0-As«0 


* 

OH 


Twenty  g«  (0*076  moles)  of  3~nitro-i}.-hydroxy-phenyl  arsonic 
acid  were  suspended  in  50  cc*  of  water  in  a 1-1.,  round-bottomed 
flask  and  were  dissolved  by  adding  15  cc.  of  liO#  NaOH  solution.  A 
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solution  of  hO  g.  of  magnesium  chloride  crystals  in  300  oc.  of  water 
was  added,  and  the  whole  was  cooled  to  0°  • Then  it  was  reduced  by 
the  gradual  addition  of  80  g*  of  sodium  hydrosulfite  with  continuous 
mechanical  stirring.  After  stirring  for  two  hours  and  keeping  the 
temperature  at  0*,  a white  precipitate  of  the  amino-hydroxy  arsenic 
acid  appeared*  This  was  filtered  from  the  liquid,  washed  with  cold 
water,  methanol  and  other*  3“®Eiitto«4j-hydroxy  ar sonic  acid  is  oxidized 
by  air  -when  not  pure.  Its  recrystallization  must  be  done  immediately 
after  its  isolation*  It  is  reorystallized  from  water  in  a nitrogen 
atmosphere*  After  it  has  been  purified  the  compound  is  stable  to  air 
oxidation*  In  this  investigation,  the  purification  was  oarried  out 
in  a manner  similar  to  that  of  the  one  by  Raiziss  and  Fisher  (92) 
which  consisted  of  reorystallization  of  the  compound  from  water  in  an 
atmosphere  of  nitrogen.  It  was  found  that  a large  portion  of  the  com- 
pound was  lost  in  this  step*  So  it  was  decided  that  the  crude  amino 
compound  be  used  for  the  next  step  immediately  after  it  was  isolated. 
Excellent  results  were  obtained  when  this  procedure  was  followed. 

Sodium  hydrosulfite  was  used  as  the  reducing  agent  in  the 
conversion  of  3-ni  tro4*-hydroxy-pheny  1 arsonic  acid  into  the  corres- 
ponding amino  compound  by  Raiziss  and  Gavron  (93),  and  by  Fargher  (<&.). 
The  use  of  sodium  amalgam  as  the  reducing  agent  was  reported  by 
Ehrlich  and  Bertheim(95) . Jacobs,  Heidelberger  and  Rolf  (96)  used 
ferrous  sulfate  to  accomplish  the  reduction  and  finally  Mouneyrat  (97) 
did  it  by  electrolytic  methods* 
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!+•  Synthesis  of  3” ( p— ace  tamino-phenyl-sulf  anamido ) -1).“ 
hydroxy  phenyl  arson! e acid 


OH 

+ CHjCOHHC^SOgCl  s 

HQ-As^o 

« 


The  crude,  air-dried,  reaction  product  obtained  by  the 
reduction  of  50  g»  of  5*^aitro-A).-hydroxy  phenyl  arsonic  acid  with 
sodium  hydro-sulfite  was  added  at  once  to  200  oc.  of  water  containing 
12  g.  of  sodium  carbonate  and  70  g.  of  p-acetaminobenzen©  sulfonyl 
chloride  (synthesized  by  the  action  of  ohlorosulfonic  acid  on  ace- 
tanilide; Org.  Syn.  Coll*  Vol.  1,  P*8).  The  mixture  was  stirred 
for  JO  minutes  at  room  temperature*  ihree  successive  portions  of 
normal  sodium  oarbonate  (500  00*  each)  were  then  added  at  30  minute 
intervals  with  continuous  stirring*  The  unreaoted  sulfonyl  chloride 
was  filtered  out.  The  filtrate  was  cooled  to  0*  and,  while  being 
stirred  vigorously,  acidified  with  normal  HC1.  The  solution  turned 
pink  and  3**( P**acetamino— phenyl— sulfonamido ) , ij— hydroxy  phenyl  ar sonic 


acid  di-hydrate  separated  out.  It  was  recrystallized  from  an  alcohol- 
benzene  mixture.  It  was  insoluble  in  water,  soluble  in  alcohol  and 
in  dilute  alkali.  It  gave  a negative  Br atton-Kar shall  (98)  test  for 
the  presence  of  primary  aromatic  amines.  It  showed  an  arsenic  content 
of  16.0^  compared  to  a calculated  value  of  16.06/2. 
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5*  Synthesis  of  3“( p-amino— phenyl-sulf onamido ) -2±-hydr  oxy 


phenyl  arsonic  acid 


OH 


OH 


H0-As=0 


H0-As=0 


» 


t 


OH 


OH 


The  hydrolysis  of  the  acetylated  compound  was  attempted 


by  using  an  alkaline  hydrolysis,  an  acid  hydrolysis,  and  simple  re- 
flux with  water • The  alkaline  hydrolysis  yielded  an  unworkable 
tarry  material;  the  acid  hydrolysis  do— arsenified  the  compound 
yielding  sulfanilio  acid;  and  the  hydrolysis  with  water  alone  gave 
only  a trace  of  the  free  amine  compound.  Ten  g*  of  the  acetylated 
compound  was  suspended  in  200  cc.  of  water  and  refluxed  for  60  hours. 
On  cooling  the  free  amino  compound  separated.  It  was  recrystallized 
from  water.  It  darkened  at  230°  but  at  300*  it  was  still  unmelted. 

It  was  insoluble  in  alcohol  and  gave  a positive  Bratton-Mar shall  (98) 
test.  On  analysis  it  showed  an  arsenic  content  of  17 and  a 
nitrogen  content  of  6*1*7?$  compared  to  a theoretical  of  17*6<#  arsenic 
and  6*60%  nitrogen  for  3“( p-amino-phenyl-sulf  onamido ) , l(.-hydroxy 
phenyl  arsonic  acid  di-hydrate* 


compound  were  great  and  new  derivatives  suoh  as  the  carbobenzoxy  were 
being  considered  when  the  investigation  in  this  field  had  to  be 


The  troubles  encountered  in  the  hydrolysis  of  the  acetylated 


abandoned 


IV.  SUMMARY 


The  condensation  of  1, 2-©poxy-3-chloro  propane  with  certain 

alcohols  (methanol,  ethanol,  propanol-1,  propanol-2,  butanol-1,  2- 

methyl-propenol-1,  pentanol-1,  3"ia©thyl-butanol-l,  2-raethyl-butanol- 

1 and  hcxanol-1 ) catalysed  by  sulfuric  acid  was  investigated. 

Ox 

The  syntheses  of  epoxy-ethers  of  the  type  CHg  - CB-CHg-O-R 
was  accomplished  by  the  action  of  sodium  hydroxide  on  the  correspond- 
ing ohlor o-hydroxy-e ther  a of  the  type  Cl-CHg-CH( OH) -CHg-O-R . 

Ten  new  ether-amino-alcohols  of  the  type  HgN-CHg-CHg-HH- 

CHg-CH ( OH ) -CBg-O-R  were  obtained  by  the  mono-alkylation  of  ethene 

-°x 

diamine  hydrate  with  epoxy-ethers  of  the  type  CHg  - CH-CHg-O-R 
where  R is  methyl,  ethyl,  n-propyl,  iso-propyl,  n-butyl,  2-methyl-n- 
propyl,  n-pentyl,  3“^ethyl-n-butyl,  2-raethyl-n-butyl  and  n-hexyl* 

3-( p-amino-phenyl-sulf onamido J-^-hydroxy  phenyl  ar sonic 

as 

acid  was  prepared  by  the  condensation  of  3*'®®dno*4{.— hydroxy— phenyl 
ar sonic  acid  with  p-acetanino  bensene  sulfonyl  chloride  followed  by 
hydrolysis. 
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